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SECTION I 
GENERAL INFORMATION 

1-1. INTRODUCTION. 

1-2. Thia service manual contains information required to install, test and service the Hewlett-Packard Model 6'1032A 
16k Memory Expansion Module. 

1-3. Shown on the title page is a microfiche part number. This number can be used to order 4 x 6 inch microfilm 
transparencies of the manual. Each microfiche contains up to 96 photoduplicates of the manual pages. 

1-4. INSTRUMENTS COVERED BY THIS MANUAL. 

1-5. Attached to the instrument or printed on the printed circuit board is the repair number. The repair number is in 
the form: OOOOAOOOOO. It is in two parts; the first four digits and the letter are the repair prefix, and the last five are the 
suffix. The prefix is the same for all identical instruments. The suffix, however, is assigned sequentially and is 
different for each instrument The contents of this manual apply to instruments with the repair number prenx(es) 
listed under REPAIR NUMBERS on the Utle page. 

1-6. An instrument manufactured after the printing of this manual may havea repair number prefix that is not listed 
on the title page. This unlisted repair number prefix indicates that the instrument is different from those described in 
this manual. The manual for this newer instrument is accompanied by a Manual Changes supplement. This 
supplement contains "change information" that explains how to adapt the manual for the newer instrument. 

1-7. In addition to change information, the supplement contains information for correcting errors in the manual. To 
keep this manual as current as possible, Hewlett-Packard recommends that you periodically request the latest Manual 
Changes supplement The supplement for this manual is identified with the manual print date and part number, both 
app>ear on the manual title page. Complimentary copies of the supplement are available from Hewlett-Packard 
Sales/Service Office. 

1-8. For information concerning a repair number prefix that is not listed on the title page or in the Manual Changes 
supplement, contact your nearest Hewlett-Packard Sales/Service office. 

1-9. DESCRIPTION. 

1-10. The Hewlet^Packard Model 64032A 16k Memory Expansion Module provides additional memory for the HP 
64000 software. Memory is contained on one printed circuit board that fits in the 64000 mainframe card cage(figure 1- 
1). 

1-1 1. Memory capacity of 16k, 16 bit words is achieved through the use of 16 dynamically refreshed RAMs. Each word 
is stored in memory in the form of an upper and lower byte, with each bit located in an individual RAM chip. Refer to 
Section VIII Service for a more detailed description. 

1-12. SPECIFICATIONS. 

a. Memory expansion of 16k, 16 bit words. 

b. Board ID 0401 H. 

c. Typical power consumption, in watts. 

1.9 at +5 V, .1 at -5 V. .5 at +12 V. 
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1-13. LEVEL OF SERVICE. 

1-14. This is a Final Component Level Manual. It contains information that provides component level servicing of 
the Model 64032A. Detailed schematics, theory of operation and Signature Analysis loops are provided in sections I V 
and VIII. 




Figure l-l. Model 64032A 16k Memory Expansion Module 
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SECTION II 



INSTALLATIOfJ 



2-1. INTRODUCTION. 



2-2. This section contains information for installing and removinK the Model 64032A. Also included are initial 
inspection procedures. 



2-4. Inspect the shipping container for damage. If the shipping container or cushioning material is damaged, it 
should be kept until contents of theshipmen t have been checked for completeness and the instrument has been checked 
mechanically and electrically. Procedures for checking electrical performance are given in section IV. If the contents 
are incomplete, if there is mechanical damage or defect, or if the instrument does not pass the performance tests, notify 
the nearest Hewlett-Packard Sales/Service office. If the shipping container is damaged, or if the cushioning material 
shows signs of stress, notify the carrier as well as the Hewlett-Packard Sales/Service office. Keep the shipping 
materials for the carrier's inspection. The HP office will arrange for repair or replacement at HP option without 
waiting for claim settlement. 



a. Remove the access cover from the mainframe. 

b. Orient the module so th.it the 86 pin edge connector is pointed toward the bottom of the card rage, and the 
component side is facing the CPU board. Insert the module into any numbered slot and press down firmly 
until it is seated. 

c. Replace the access cover. 



a. Remove the access cover from the mainframe. 

b. Ijoc&ie the m<)dule; its extraction tabs arc labeled M16KDYN and B4032A. Remove the module by lifting up 
the extraction tabs. 

c. Replace the access cover. 



2-3. INITIAL INSPECTION. 




The Model 64032A 16k Memory Expansion Module must be installed and removed with the 
mainframe power off! 



2-5. INSTALLATION. 



2-6. REMOVAL. 



2-1/(2-2 blank) 



opcraiion 



SECTION ill 
OPERATION 



The oi>eration of the 16k Memory Expansion Module is a function of the HP 64000 software and is beyond the scope of 
this service manual. All operating features of the modulo are transparent to the user of the software. 



3-l/(;j-2 blank) 
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SECTION IV 
PERFORMANCE TESTS 

4-1. INTRODUCTION. 

4-2. This section explains servicing «>f the Ifik Memory Kxpnnsion Module. The purnRrnphs on Performance 
Verification (PV) descrihe what the PV is. how it is run, what it does, and how to decode PV errors. The troubleshooting 
paratn^aphs explain how the PV te.sts are u.sed to identify failures. Using this section, the .schematic in section VIII, 
and Signature Analysis it is possible to service the module to the individual component level. 

4-3. REQUIRED EQUIPMENT. 

a. A 64(XK) series mainframe with most recent PV software. 

I). To print PV results a printer must be attached to the system. 

c. To perform PV generated signature analysis, an MP Model .'i(X)4A.or equivalent signature analyzer is 
riK)uire<l. 

4-4. SYSTEM CONSIDERATIONS. 

4-.'>. Failure isolation must be performed to eliminate other sections of the l^)gic Development System as the sourceof 
the fai'itire. It is assumed in this manual that the mainframe PV has been successfully conducted and that other option 
cards have been removed fn)m the card cage. 

4-6. PERFORMANCE VERIFICATION TESTS. 

4-7. The I'erformanre Verificaticm for the U>k Memory H]xpan.sion Module is a software routine used by the 
mainframe to test about of Ibe circuitry of the memory module. Ii is a subsection of the system Option Test 
Performance Verification that allows testing of each module located in the mainframe card cage. The following 
paragraphs describe how to perform the M>k Memory Kxpansion Module I'V, what is checked, and how todecmle the 
errors. 

4-8. STARTING PERFORMANCE VERIFICATION. 

1-9. To test the memory proceed as follows. 

a. With the operating system initialized iind awaiting a command (figure 4-1 ), enter the option-test command. 

optionJest RKTUKN 
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Performance Tests 



Model 64032A 





Figure 4' L System Awaiting Command Display 
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Figure 4-2. Card Cage Directory Dispiay 
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Performance 'l"esl8 



b. The PV now displays a directory of the installed option boards and their card slot numbers (fiKure4-2). The 
first step in the PV is to locate the card slot of the 16k Memory Expansion Module and enter the slot number. 
For example, if the memory is in slot 1, enter: 



1 



RETURN 



4-10. PERFORMANCE VERIFICATION COMMANDS. 

4-11. Each PV di.sphiy provides prompting for the commands that can he executed. These commands are selected by 
"softkevs" which are defined below. 



cycle 
end 

next-test 

print 

start 



starts hiKhliKhted test and continues through other tests until the end. nexUest, or start 
softkey is pressed. 

terminates test activity and returns display to next hinher level. At Total PV Di.splay 
(figure 4-.'t) also resets failure cf>unter8 to zero. 

moves hiKhliKht line to following test category. 

outputs display to attached printer. 

begins exe<-ution of .-.-lected test. 



4-12. TOTAL PV TESTS. 

4-13. Display. All test categories available are shown in this display. When one or more lest categories have been 
execute<l the results are displayed. Uselheilisplay to choose the test categories tol)ep<>rformc-<ior to review the overall 
results of the PV. 



Ibk nrnor V I ipinilvr 
Op«r a I 1 un 

f)« fr ««h tin ty 



H/A 



STATUS. AwniinQ tt«t ««l«ctt«n 



Figure 4 3. Total PV Display 
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4-14. Running the Total PV. To run all the tests shown on the display, presrf the cycle softkey. Each test category is 
executed and the results are displayed. A complete cycle requires approximately fifteen seconds. Press the nexUext 
softkey to halt the iterations. 

4-15. Using the Total PV Results. When the tests are complete, examine the tt Fail column. When all entries are zero it 
indicates approximately 99% of the circuitry has been checked and no errors have been found. 

4-16. A non-zero value represents the number of errors detected in the test category. Determine the exact cause of the 
error by running the failed test category and viewing the results in detail. Do this by positioning the highlight line over 
the failed test category and pressing the start softkey. 

4-17. OPERATION TEST. 

4-18. Display. This display shows the four Operation test categories and the test results. Use the display to view test 
conditions in detail. 



Opcrotlsn T«»t 
IfcN nanary Eipontfar In card alat t 1 
r*«f ll«m«lrs <cMnHlotiv«> 

Data Dqta" aooo <SDOt> 

Mdrao Milr««>ItaO <eiOt> Da<a> OtOI IttOII 
ftyta Oparotlan 

Pallarn Data- OSOB (••0»> 



• lot 

t 



STATUSi T«mt In pr*gr««« 




Fifiure •l -i. Operation Test Display 



4-19. Running the Operation Tests. The Operation tests are always running while this screen i.s displayed. To stop the 
tests and return to the Total PV Display, press the end softkey. Kach iteration of the tests takes less than one second. 

4-20. Using the Operation Test Results. The total number of errors detected during the tests i.s shown in the « Fail 
column. Each error code in the Results column represents a single failure encountered during the last iteration. Kach 
error code in the (cumulative) column represents the sum of all errors detected during the test. Cumulative error codes 
that differ from Results error codes indicate multiple, or intermittent errors. When the error codes are the same the 
errors are systematic. Refer to the appropriate test for an explanation of what the test does and how to decode the 
errors. 
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4-21. DATA TEST. 

4-22. Purpose. This test (flgure 4-4) checks all data paths for signals LDO through LD15 by writing data to the 
memory RAMs and then reading it back. When a bit cannot be written and read back in both its high and low level, an 
error is flagged. During the test, data is written to only one address in each of the 16 RAMs, therefore, a successful test 
indicates Utat the data paths are functioning correctly, but it does not imply that all cells in all RAMs are operating 
properly. See Pattern Test for RAM cell checks. Note that address bus failures generally do not affect the reliability of 
this test 

4-23. Decoding Data Te«t Error*. All errors found are formatted as a four character hexidecimal word. Each character 
represents four binary digits, each digit corresponding to a single data line. To decode an error word, convert each 
character to its binary equivalent and compare it with the chart shown below. If necessary, refer to table 4-2 for 
hexidecimal-to-binary conversion. For example, if the error word is 0005, there are errors on the LDO and LD2 data 
paths. The U-number shown in the chart indicates the RAM that may have a failure. 

a. Data Test Errors. 



Hex Binary 

xxxx= 0000 0000 0000 0000 

1 

1 

LD = I»w Data 



Signal in error/RAM 


None 




LDO 


UI 


LDl 


U17 


LD2 


U2 


LD3 


U18 


LD4 


U3 


LD5 


U19 


LD6 


U4 


LD7 


U20 


LD8 


U5 


LD9 


U2I 


LDIO 


U6 


LDil 


U22 


LD12 


U7 


LD13 


U23 


LDl 4 


U8 


LD15 


U24 



4-24. ADDRESS TEST. 

4-25. Purpose. All 1 4 address lines are checked in this test (figure 4-4) to make certain they are intact. Data is written 
to selected addresses in the RAMs and read back. When each bit at the selected addresses cannot be written and read at 
its high and low state, an error is noted. 
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4-26. Decoding Address Test Errors. Because data errors can cause an address test to fail, both the address bits and 
data bits are flagged when a failure occurs. Decode the four character address error word using the chart shown below, 
and decode the data error word using the chart shown in the Data Test. Refer to table 4-2 for hexidecimal-to-binary 
conversion, if necessary. Significant error conditions follow. 

a. Address Test Errors. 

Hex Binary Signal in error 

xxxx= 0000 0000 0000 0000 None 



00— 




IJ^O 


00— 






00— 




IA2 


00— 




IJ\3 


00— 




LA4 


00— 




IJV5 


00— 




IJ\6 


00— 




IA7 


00— 




LAS 


00— 




LA9 


00— 




IJVIO 


00— 




LAll 


00-1 




LA12 


001- 




LA13 


LA = 


Low Address 





b. Address Error = .'JFFF. Indicates all address lines are failing. This is because there are only 14 address lines 
and an error of FFFF cannot be returned from the test. 

c. Multiplexed Address Errors. When two address bits are in error, check to see if they are separated by seven 
bits. This may indicate a single line is failing that is carrying both bits in multiplexed form. Multiplexed 
address bits are shown in below. 

Multiplexed Address Bits 



Bits 


Node 




Hex 


0 and 7 


IJ37 - 


11 


(K)81 


1 and 8 


U37 - 


13 


0101 


2 and 9 


U37 - 


12 


0201 


3 and 10 


U37 - 


18 


0)08 


•1 and 1 1 


U37 - 


17 


0810 


.'") and 12 


U37 - 


16 


1020 


6 and 13 


U37 - 


19 


2040 



4-27. BYTE OPERATION TEST. 

4-28. Purpose. This test (figure 4-4) checks the module's ability to perform byte operations. When the upper and lower 
bytes cannot be written and read back correctly, an error condition is noted. 

4-29. Decoding Byte Operation Errors. The errors found in this test are not decoded. When this test fails and all other 
tests pass, the failure is probably associated with signals LWRTL and LWKTU in the read/write control circuit. 
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4-30. PATTERN TEST. 

4-31. Purpose. All of the cells in each RAM are rhecke<l by this ti-sl (fiKure •l-l). When both the hijjh and low state 
cannot be written and read back from each cell, a failure is noted. 

4-32. Decoding Pattern Test Errors. All errors found are formattwi as a four character hexidecimal word. Kach 
character represents four binary dibits, each dijjit corresp»)ndinn to a siriKle bit. TodeciKlean error word, con vert each 
character to its binary equivalent and compare it with the chart shown below. If necessary, see table 1-2 fr)r 
hexidecimal-Uvbinary conversion. For example, if the error word is OOfiO, there .ire errors on the 1,1)5 and I.IXJ data 
paths. The U-number shown in the chart indicates the HAM that may hjivc a failure. 

a. Pattern Test Krrors. 

Hex Binary Signal in error/KAM 

xxxx^ OOOO OOOO ()()()()()()()() None 

1 LI)() 1)1 

1_ 1.1)1 UI7 

1_ ij)2 112 

I \.m UIH 

1 1,1).) 

1 I.I).5 Ul}» 

1 i.ixj ui 

1 1,1)7 II2(» 

1 i,i)H U.-) 

1 |j)i) U21 

1 1,1)10 iKi 

1 1,1)11 1122 

1 1,1)12 U7 

— I |,i)i;{ U2:i 

_1 |,|)i.| i!H 

I i.Dir, 1121 

I.I) Low Data 

4-33. REFRESH TEST. 

4-34. Display. This display shows the two Refresh test catejiories available and their test results. U.se the display to 
review test conditions. 



I6K fiffnarv I ipiind^r 



Ho t rlM— or y f^r I nr nmt « V* rifiiaiiutt 
•ir (t s i u t I 1 

Dl*n* OOOO I QOOU I 



r«»t in prvqr«% 




Figurr 15. Refresh Test Display 
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4^. Running the Refrath Tests. When this screen is displayed, the two tests are always running. Press the end 
softkey to stop the tests and return to the Total PV Display. Each iteration takes approximately ten seconds. 

4-36. Using the Refresh Results. The total number of errors detected during the tests is shown in the # Fail column. 
Each error code in the Results column represents a single failure encountered during the last iteration. Each error code 
in the (cumulative) column represents the sum of all errors detected during the test. Cumulative error codes that differ 
from Results error codes indicate multiple, or intermittent errors. When the error codes are the same, the errors are 
systematia Refer to the appropriate test for an explanation of what the test does and how to decode the errors. 

4-37. DELAY TEST. 

4-38. Purpose. This test (figure 4-5) checks for hard failures in the refresh circuitry. When data cannot be written to 
the RAMs and read back correctly after waiting several refresh cycles, an error is noted. When this test fails and all 
other tests pass, the problem lies in the refresh circuit. 

4-39. Decoding Delay Test Errors. All errors found are formatted as a four character hexidecimal word. Each 
character represents four binary digits, each digit corresponding to a single bit. To decode an error word, convert each 
character to its binary equivalent and compare it with the chart shown below. See table 4-2 for hexidecimal-to-binary 
conversion.if necessary. For example, ifthe error word is OAOO, there are errors on theLD9 and LDU data paths. The 
U-nnmber shown in the chart indicates the RAM that may have a failure. 

a. Delay Test Errors. 



Hex Binary 


Signal in error/RAM 


xxxx= 0000 0000 0000 0000 None 






LDO 


Ul 




LDl 


U17 




LD2 


U2 




LD3 


U18 




LD4 


U3 


1 


LD5 


U19 




LD6 


U4 




LD7 


U20 




LD8 


U5 


1 


LD9 


U21 


1 


LDIO 


U6 




LDll 


U22 




LD12 


U7 




LD13 


U23 




LD14 


U8 




LD15 


U24 


LD = Low Data 







4-40. TIMING TEST. 

4-41. Purpose. Soft failures of the refresh circuit are detected in this test (figure 4-5). When the circuit refreshes 
memory more frequently than necessary, the power consumption on the -1-12 volt supply increases. Also, the 
mainframe CPU accesses may be delayed by this condition. The test detecU statistically signiflcant deviations from 
normal CPU access rates over a timed interval. When the access rate is not within the normal range, a failure is 
flagged. 

4-42. Decoding Timing Errors. Theerrors found in this test are not decoded. When the test fails and all other tests pass, 
the failure is probably associated with the refresh clock, components U49 and U50 or multiplexer U37. 
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4^. SIGNATURE ANALYSIS TEST. 

4-44. Display. There is no separate display for this test. See the Total PV Display, figure 4-3. 

4-45. Running the Signature Analysis Test. There are two separate Signature Analysis loops used to test the module, 
Loop A and Loop B. Loop A tests all circuitry, except the refresh circuit, and is run while the PV is in the Signature 
Analysis mode. To run the loop A test, proceed as follows. Locate the highlightlineover the words Signature Analysis 
on the Total PV display and press the start softke^'. In this mode the PV places signals on the lines of the module that 
generate known signatures when read by an HP Signature Analyzer. Press the end softkey to stop the test 

4-46. A complete description of how to connect the Signature Analyzer and take signatures on Loop A is provided in 
the paragraphs on troubleshooting. 

4-47. REFRESH ONLY TEST. 

4-48. Display. There is no separate display for this test. See the Total PV Display, figure 4-3. 

4-49. Running the Refresh Only Test. Position the highlight line over the words Refresh Only on theTotal PV display 
and press the start softkey. To stop the test, press the end softkey. 

4-50. Purpose. This test provides two functions during servicing of the refresh circuitry. First, the test checks the 
mainframe CPU and increments the counter on the display to indicate the CPU is running. Second, this PV mode 
generates signatures for the Loop B Signature Analysis which checks the refiresh circuitry. 

4-51. A complete description of how to connect theSignature Analyzer and take signatures on LoopB is provided in 
the paragraphs on troubleshooting. 



Table 4-1. Error Code Conversion 



Hex 


=Binary 


Hex = 


Binary 


1 


1 


8 




2 


— 1- 


9 


1—1 


3 


— 11 


A 


1-1- 


4 


-1— 


B 


1-11 


5 


-1-1 


C 


11 — 


6 


-11- 


D 


11-1 


7 


-111 


E 


111- 






F 


1111 



4-52. TROUBLESHOOTING. 

4-53. When servicing to the component level is not practical, use the Performance Verification tests to quickly check 
the overall condition of the module. When any of the tests fail, try swapping with a good module. Because the 16k 
Memory Expansion Module interacts only with the 64000 mainfirame, a failed memory PV can only be due to a module 
failure or to a mainframe failure. 

4-54. The Performance Verification tests can be used to good advantage to isolate the functional area of the module 
that is failing. After determining the faulty functional area. Signature Analysis can be used to identify the faulty 
component. 

4-55. When the Operation test fails, use Signature Analysis Loop A for component level servicing. When the Refresh 
test fails, use Signature Analysis Loop B. 

4-56. When Low Memory Synchronization (LMSYN) is held low, the CPU is placed in a wait mode. Therefore, if this 
signal is stuck in the low state, the CPU will hang up the system. To release the system, remove buffers U38 and U40, 
and use a jumper wire to connect TP4 to ground. Remove jumper and replace buffers when finished. 
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TROUBLESHOOTiNQ WITH SIGNATURE ANALYSIS. 



4-58. 



Set up the memory module for Signature Analysis using the basic steps shown below. 




The Model 64032A 16k Memory Expansion Module must be installed and removed with the 
mainframe power off! 

4-59. General S«t-Up Procedure. 

a. Turn off the power to the mainframe and remove the card cage access cover. 

b. Remove the memory board. Insert an extender board in the card cage and insert the memory module in the 



4-60. Troubleshooting with Signature Analysis Loop A. 

a. Connect the SA Start lead to U26 pin 5 and set Start on the on the falling edge. 

b. Connect the SA Stop lead to U35 pin 11 and set Stop on the rising edge. 

c. Connect the SA Clock lead to U50 pin 1 1 and set Clock to the falling edge. 

d. Disable the refresh circuit by connecting TP2 on the memory module to the ground test point 'TP6) with a 
jumper wire. 

e. Connect the SA ground lead to the memory module ground test point (TP6). 

f. Turn on power to mainframe and begin memory module PV. 

g. Locate the highlight line over the words Signature Analysis on the Total PV display and press the start 
softkey. Press the end softkey to stop the test. 

h. Use signatures shown in table 4-2. 

4-61. Troubleshooting with Signature Analysis Loop B. 

a. Connect theSA Start and Stop lead(B) toTPl on the memory board. Set Start on the rising edge and set Stop 
on the falling edge. 

b. Connect the SA clock lead to U42, pin 3, and set to the rising edge. 

c. Connect the SA ground lead to the memory module ground test point (TP6). 

d. Turn on power to mainframe and begin memory module PV. 

e. Locate the highlight line over the words Refresh Only Test on the Total PV display and press the start 
softkey. Press the end softkey to stop the test. 

f. Use signatures shown in table 4-3. 



extender. 
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Table 4-2. Signature Analysis Loop A 



Performance Verification Mode: Sittnuturc AnulysiH. 








Procedure: Ground TI*2. 








Start=U26 pin 5, fnllinK edRe (LHPCPEND). 








Stop=U.'i5 pin 1 1, risinK edKe (I.STM). 








Clock=U50 pin 14, fnllinK edj{e. 








Vh=0()lU. 












Node 


Sig 




Node 


Sla 


\^ wild If VI ■tw 


U2r, - 


4 


IMMn 




im;» - 


1 


/Willi 

(KM U 




U2.'i ■ 


5 






lJ4;i ■ 


2 






U25 • 


(> 


In; 1 n 




lJ4;i - 


a 




unstable 


U25 • 


n 






U4;j - 


4 




unntable 


U25 ■ 


12 


001 u 




U4;i - 




f Ul t I 1 * 

(X)l u 












IM.J - 


fi 


IMHa) 




I12f. ■ 


5 






U4:i - 


H 


lAAJ / 




U2o 


(> 






f t i •> 

IJ4.S 


i) 






I12fi - 


H 


00 1 U 












112(5 - 


!) 


00(X) 




U44 • 


1 


00 lU 












U44 - 


a 


(MXH)* 




U.-lf) ■ 


1 


()(X)U 




U44 - 


() 


(K)IU' 




u:ir> - 


2 


(H)IO 




U44 - 


H 


(K)1U* 




U.jr. - 


:! 


()(X)U 




U44 - 


11 


(K)18 




U.-Jf) - 


4 


0010 












iJ.-if) - 


r> 


()(X)IJ 




1145 - 


fi 




unNtable 


li;tr> - 


() 


OOlO 




U4r. - 


H 




unKtahIc 


U;!:') • 


10 


oolU* 












iJ.tr> • 


1 1 


(HUM)* 




IJ4H ■ 


(> 




unHtable 










U4(5 - 


8 


(X)I8 




U.Jfi - 


:i 


001 U 












UM - 


(j 


001 U* 




IJ47 - 


1 


(KKK) 




im ■ 


H 


(M)(M)* 




U47 ■ 


.i 


(X)18 




u.m; - 


11 


00 IH 




IJ47 - 


I 


(K)lLI 












U47 - 


fi 


001 U 




1)39 - 


fi 


()Oo;{ 












ll.'if) - 


H 




untitable 


U4H - 


8 


(K)1U* 




mi) ■ 


12 




unstable 


U4f) - 


12 




unstable 










1)50 - 


15 




unstable 


U41 - 


;j 


OOOII 












U-II ■ 


4 


0007 












U41 - 


f) 


()()07 












U41 ■ 


i;< 


(KKK)* 












U42 - 


5 


001 U* 












U42 • 


6 


0010 












U42 - 


8 


0000 












U42 - 


9 


001 u 












•indicates blinking probe. 
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Table 4 3. Signalurt' Analysis Loop 11 



Performance Verification Mode: KefrcKh Only. 






Procedure: NA. 










Start?=Memory Board, TPl, rising ed^e. 






Stop=Memory Board, TPl. fnilinK odijo. 






Clocl<=Memory Board 1142, pin .'I, rising; i'd»{«'. 






Vh=76U0. 










Node 


SIg 


Comments 


Node 


SIg 


Comments 


TPl 


7()U() 




Ull .'f 


•_'?(;( ■ 










Ull • 1 


riiia 




u;i5 - 2 


filiM) 




Ull "( 


itAii? 




U:J5 - 4 


.")l9fi 




11.11 - I'l 


Kr.Al-" 




u;i7 - I 


!).{KH 




IM7 - .5 


Tiilll) 




mi ■ 2 


7(UJ() 




IMT • (i 


Tlil'o 




U37 ■ a 


H7!).l 










U.'{7 ■ 11 












U37 ■ 12 


lUoP 










U37 • I a 


92 1 1 










u:n ■ iR 


H2fiP 










U:J7 - 17 


11(5(55 










ua7 - 18 


AAIIU 










u:i7 - 19 




UnKtahlc 








'indicates blinking profa 


e. 
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»»<uci \it\i,>^t\ Adjustments 

SECTION V 
ADJUSTMENT 

There are no adjustments on the 16k Memory Expansion Module. 



I 



I 



5-1/(5-2 blank) 



SECTION VI 
REPLACEABLE PARTS 



6-1. INTRODUCTION. 

6-2. This section contains information for ordering parts. Table 6-1 lists abbreviations used in the parts list and 
throughout the manual. Table 6-2 lists all replaceable parts in reference designator order. Table 6-3 contains the names 
and addresses that correspond to the manufactures' five-digit code numbers. 

6-3. ABBREVIATIONS. 

6-4. Table 6-1 lists abbreviations used in the parts list, schematics, and throughout the manual. In some cases, two 
forms of the abbreviation are used: one all in capital letters, and one partial or no capitals. This occurs because the 
abbreviations in the parts list are always capitals. However, in the schematics and other parts of the manual, other 
abbreviation forms are used with both lowercase and uppercase letters. 

6-5. REPLACEABLE PARTS LIST. 

6-6. Table 6-2 is the list of replaceable parts and is organized as follows: 

a. Chassis-mounted parts in alphanumerical order by reference designation. 

b. Electrical assemblies and their components in alphanumerical order by reference designation. 

c. Miscellaneous. 

The information given for each part consists of the following: 

a. The Hewlett-Packard part number and the check digit. 

b. The total quantity (Qty) in the instrument. 

c. The description of the part. 

d. A five-digit code that indicates the manufacturer. 

e. The manufacturers' part number. 

The total quantity for each part is given only once - at the first appearance of the part number in the list. 
6-7. ORDERING INFORMATION. 

6-8. To order a part listed in the replaceable parts table, quote the Hewlett-Packard part number and check digit, 
indicate the quantity. 

6-9. To order a part that is not listed in the replaceable parts table, include the instrument model number, instrument 
repair number, the description and function of the part, and the number of parts required. Address the order to the 
nearest Hewlett-Packard office. 
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nepiaceaoie rarw Model 64032A 

6-10. DIRECT MAIL ORDER SYSTEM. 

6-11. Within the USA, Hewlett-Packard can supply parts through a direct mail order system. Advantages of using the 
system are as foIIowK 

a. Direct ordering and shipment from the HP Parts Center in Mountain View, California. 

b. No maximum or minimum on any mail order (there is a minimum order amount for parts ordered through a 
local HP office when the orders require billing and invoicing). 

c. Prepaid transportation (there is a small handling charge for each order). 

d. No invoices - to provide these advantages, a check or money order must accompany each order. 

6-12. Mail-order forms and specific ordering information are available through your local HP office. Addresses and 
phone numbers are located at the back of this manual. 

Table 6-1. Reference Designators and Abbreviations 









REFERENCE DESIGNATORS 








A 


assembly 


F 


fuse 


MP 


mechanical part 


U 


inlpgrated circuit 


B 


- motor 


FL 


filter 


P 


plug 


V 


vactium. tiitie. neon 


ST 


battery 


IC 


integrated circuit 


O 


transistor 




bulb, photocell, etc 


C 


capacitor 


J 


jack 


R 


resistor 


VR 


voltage regulator 


CP 


couplef 


K 


rday 


RT 


thermistor 


W 


cabin 


CR 


diode 


L 


inductor 


S 


switch 


X 


socket 


DL 


delay lirte 


LS 


loud speaker 


T 


transformer 


Y 


crystal 


DS 


device sagnaitng >iamp) 


M 


rrteter 


TB 


terminal board 


Z 


tuned cavity network 


E 


misc electronic pari 


MK 


rrucrophone 


TP 


lesi point 












ABBREVIATIONS 








A 


- amperes 


H 


henries 


N/O 


normally open 


RMO 


rack mount only 


AFC 


- automatic IrfMjiiency 


HOW 


hardware 


NOM 


nominal 


RMS 


rool-mean sgiiare 




control 














AMPL 


- amplilier 


HEX 


heHagonat 


NPO 


negative positive zero 


RWV 


reirerse working 






HG 


mercury 




'zero temperature 




voltage 


BFO 


beat treqiHtncy osctllator 


HR 


tK>uns< 




co«rflictenti 






BE CU 


beryllium copper 


HZ 


hert/ 


NPN 


negative- positive 


SB 


slow ' blow 


BH 


tMr>der tiead 








negative 


SCR 


screw 


BP 


bandpass 






NRFR 


not reconimirnded tor 


SE 


selennirri 


8RS 


brass 


IF 


mtermediale tieq 




field replacemonl 


SECT 


Si'Ctioo'V 


BWO 


backward wave osciiiatoi 


IMPG 


imprf>gnated 


NSR 


not spparjtely 


SEMICON 


si>micoi)diM:tor 






INCO 


mcandpscenl 




replaceable 


SI 


silicon 


CCW 


COunler-cli >ckwiso 


INCL 


include* »■ 






SIL 


silver 


CCR 


■■■ ceramic 


INS 


insiitatiorvedi 


OBD 


order by description 


SL 


slide 


CMO 


cabinel mount only 


INT 


internal 


OH 


oval head 


SPG 


spring 


CO€F 


coelicient 






OX 


Qxide 


SPL 


s[>ecial 


COM 


■ common 


K 


kilo 1000 






SST 


stainless st»*el 


COMP 


composition 










SR 


y.il)t ring 


COMPt 


- complete 


LH 


letl hand 


P 


peak 


STL 


SltN^ 


CONN 


conr>eclot 


LIN 


linear taper 


PC 


printed circuit 






CP 


cadmium pt^ti* 


LK WASH 


loch washei 


PF 


picofarads 10 <•' 


TA 


tanlalunt 


CRT 


- calhode-iay iul>e 


LOG 


loqaiilhmic taper 




larads 


TO 


time ilelay 


CW 


clockwise 


LPF 


low pass filter 


PH BRZ 


pf>osphor bronze 


TCL 


IiHjgle 










PHL 


phiHips 


THO 


thread 


DEPC 


deposited carl>on 


M 


milli 10 3 


PIV 


peak inverse voltage 


Tl 


titanium 


OR 


■ drive 


MEG 


mt^ IC* 


PNP 


positive- negative- 


TOL 


tolerance 






MET FLM 


metal fi!m 




positive 


TRIM 


(iimmer 


ELECT 


electrolytic 


MET OX 


metallic oxide 


P/O 


part ol 


TWT 


traveling wave tube 


ENCAP 


encapsulated 


MFR 


manufacturer 


POLY 


polystyrene 






EXT 


etternal 


MHZ 


fT>ega hertz 


PORC 


porceTlm 


U 


micro to " 






MINAT 


miniature 


POS 


posiliorvs> 






F 


farads 


MOM 


rtHjmentary 


POT 


poJenliometer 


VAR 


variable 


FH 


flat riead 


MOS 


metal oxide substrate 


PP 


peak -to- peak 


VDCW 


dc working volts 


FILM 


= fillister head 


MTG 


mounting 


PT 


point 




FXO 


■ fined 


MY 


"myTar" 


PWV 


peak working voltage 


W/ 


with 














W 


walls 


G 


- giga < tO* 


N 


nano i tO * 


HECT 


rectifier 


WIV 


working inverse 


GE 


germanium 


N/C 


normally closed 


RF 


radio trrnjuency 




voltage 


GL 


glass 


NE 


neon 


RH 


round tiead or 


WW 


wirewound 


GRD 


grour>rliedi 


Nl PL 


nickel plate 




right hand 


W/O 


without 
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Keplaceable ^art8 




Table 6-2. Replaceable Parts List 





up Part 




Designation 


Number 


D 




«4132-&AStl 


2 


Cl 


0 tM - 3033 


9 


C2 


•I&1-7I33 


9 


C3 


•161-2033 


9 


C« 


•Ifc(-?0S5 


9 


C3 


•1&I'20S3 


9 


C6 


Olfc8-?035 


V 


C7 


• 1U-7S3S 


9 


C« 


0160-2033 


7 


C9 


0I6t~2033 


9 


Cli 


OtfcO-2033 


7 


Ct 1 


0 1 60-2033 


9 


C12 


0)60-2033 


9 


Ct3 


01 60-2033 


9 


CI4 


0160-2033 


9 


CIS 


0160-2033 


9 


C.fc 


0160-2033 


9 


C\7 


0160 2033 


9 


CIB 


0160 ?»33 


9 


Cl» 


0160-2033 


9 


C2I 


0160-2033 


9 


C21 


0 1 61-2033 


9 




•160-2035 


9 


c?3 


01 61-21133 


9 


C24 


0160-2033 


9 


r?3 


0161 2033 


9 


C?6 


0160 -2033 


9 


ca7 


0161 2033 


9 


cro 


0160-2033 


9 




0161-2033 


9 


r3i 


0160-2033 


9 


c^t 


0 1 60-2033 


9 


C32 


0160 7033 


9 


C3J 


0161 2033 


9 


C34 


0160 2033 


9 


C33 


0160 2033 


9 


C3fc 


0160 2033 


'? 


C37 


0161 21133 


9 


CM 


0160 2033 


9 


C,»9 


0160 2033 


9 


C«t 


0160- 2033 


9 


CAl 


0160 21133 


9 


r.42 


0160 2D"3 


9 


C43 


0161-2033 


9 


C44 


016O 2033 


7 


C4S 


0160-2033 


9 


C46 


0160 r* D" 3 


9 


C47 


a 166 ;'n55 


9 


C4S 


0160 2033 


9 


C49 


0180-0474 


4 


rs> 


OinO- 0474 


4 








CM 


01.SIJ ?D33 


V 


CtiJ 


0161 -;'033 


9 


C54 


Dino D474 


4 


ri 


(JIM u 0 1 J 


4 


npi 


i401^ li3D01 


7 


nrz 


1 4BI 01 16 


8 


W3 


64032-B30I12 


0 


tVA 


1480 01 16 


a 


Rl 


0737 0 4 42 


9 


B? 


0V37- 0442 


9 


>3 


0737 0442 


9 


R4 


Of.83 3.1C3 




n 


06B3 3303 






0683 3303 




117 


0'.B3 1305 


2 


RD 


0(.a3- 33C3 




(7 


0MI3 3305 


2 


*1l 


0(.83 3303 





Qty 



Description 



Mfr 
Code 



Mfr Part Number 



Mnrmr HiAaD-i6K DtN 



CAPACITOR-FXD 
CATACITII* FkO 



OlUT »B(-20X lliUDC CCR 

aiUF <80-29X loouic tro 



CAFACirOR-FXD .alur *80-2OX lOOUDC ct* 
CAPftCllDR-FXO .OIIjF •B0-20X 100UDC tX» 
CAPACITOR-rxD .OIUF *ao-20X tlOUOC GEH 



CAPATITDR 


-FXD 


. OIUF 


4 80 


-20X 


lOOVDC 


CliR 


CAPIkCI lOR 


-FXO 


.OIUF 


«B0 


-2flX 


TOel/DC 


rcR 


CA2AriTOII 


-f XD 


.OIUF 


iDO 


20X 


tOOVDC 


tf» 


CAPACI TOR 


-FX» 


.IIIIF 


• 80- 


-20X 


lOOVDC 


CFR 


CAPACITOR 


-FXD 


.OIUF 


«8a 


-2«X 


lOOVDC 


cm 


CAPACITOR 


FXD 


.BlUF 


♦B» 


20X 


lOOUDC 


CER 


CAPAClTrm 


f >B 


.OIUF 


«Ba 


■20X 


lOOVDC 


riR 


CAPACITOR 


-FXft 


.eiuT 


«Bfl 


-2DX 


lOOUDC 


CFR 


CAPACITOR 


FXD 


.OIUF 


• 80 


20X 


lOOUDC 


MR 


CATACITOa 


-FXD 


.OIUF 


♦OO- 


-20X 


lOOVDC 


CFR 


CAPACITOR- 


-F XD 


. OIUF 


• 80- 


20X 


lOOVDC 


r.TH 


CAPACITOR 


FXD 


.OIUF 


• 80 


20X 


lOOVDC 


CFR 


CAPACITOR 


-FXD 


. OlIiF 


• BO 


-20X 


IBDVDC 


CFR 


CAPACITOR 


FXD 


.OIUF 


• 00 


20X 


lOOVDC 


CFR 


CAPATITOR 


FXD 


.DlllF 


• BO 


20X 


lOOVDC 


CFR 


CAPACITOR 


FXD 


.oiur 


• OO 


20X 


lOOVDC 


c»:r 


CAPACITOR 


-F XD 


. 0 1 UF 


•no 


20X 


lOOVDC 


rr R 


CAPACITOR 


-FXD 


.oiiir 


• BO 


20X 


lOOVDC 


CFR 


CAPACITOR 


FXD 


.OIUF 


• OD 


20X 


lOOVDC 


1 ro 


CAPACITOR 


FXD 


.oiiir 


• 80 


-20X 


lOOVDC 


CFR 


CAPACITOR 


-F XD 


.OIUF 


• 80 


20X 


1 OOVDC 


t to 


CAPACI TOR 


-FXD 


. 0 1l»F 


• 08 


2nx 


lOOVDC 


cy'9 


CAPACITOR 


FXD 


. OIUF 


• no 


20X 


lOOVDC 


I.tR 


CAPACITOR 


-FXD 


.OIUF 


•so 


20X 


lOOVDC 


CFR 


CAPACITOR 


-FXD 


.OIUF 


• BO 


-20X 


lOOVDC 


CfR 


CAPACI TOR 


-FXD 


.OIUF 


• no 


-211X 


lOOVDC 


CIR 


CAPACITOR 


FXD 


.OIUF 


•no 


20X 


1 OIVDC 


fro 


CAPACI TOR 


-rxo 


.onir 


•no 


20X 


lOOVDC 


CIR 


CAPACITOR 


FXD 


.OIUF 


• BO 


20X 


1 OOVDC 


ITR 


CAPACITOR 


-FXD 


.OIUF 


• 00 


20X 


lOOVDC 


CFR 


rAPATlTPR 


F ID 


our 


• no 


20X 


1 OOVDC 


i.ro 


CAPACI loa 


FXD 


. oiur 


• no 


20X 


lOOVDC 


CH! 


CAPACITOR 


FXD 


.OIUF 


• 80 


20X 


lOOVDC 


CIR 


CAPACI TOR 


FXD 


.OllIF 


• BO 


zax 


liOVDC 


ci:r 


CAPACITOR 


FXD 


.OIUF 


•00 


20X 


lOOVDC 


cr.R 


CAPACI TOR 


rio 


. 0 1 itr 


• no 


70X 


llOVDC 


CF » 


rAPA*:jTn» 


f XD 


. Diijr 


>no 


20X 


lOOVDC 


1 r» 


CAPACI TOR 


-FXD 


.oiiir 


• 80 


-20X 


lOOVDC 


Cf.« 


CAPACITOR 


FXD 


. OIUF 


• 80 


2»X 


1 OOVDC 


CTR 


CAPACI rue 


-FXD 


.oim- 


• 00 


20X 


lOOVDC 


CCR 


rfiPACIIOR 


f XD 


. Qiiir 


•DO 


.■•OX 


ISQVDC 


r ro 


CftPftTI TO» 


rxo 


. 0 mr 


•no 


2QX 


lonuDr 


cm 


rAPAriiiiK 


r XD 


OIUF 


• no 


20X 


lOOVlC 


1 r» 


CAPACITOR 


-FXD 


131 ir« 


lOX 


20UDC TA 




CAPACITOR 


-FXD 


irjiFi 


lOX 


20VDC I A 




CAPACITOK 


rxD 


i3ur> 


10X 


20VDC lA 




CAPACUnR 


TXO 


. oiur 


• HO 


-20X 


1 OOVDC 


cr« 


CAPACI rtlH 


■FXD 


.oiur 


• 80 


-20X 


lOOVDC 


CFR 


CAPACIlliR 


f XD 


irjjFi 


■ OX 


20VDC TA 





2t. 1<MKI 



t XTRAnr.R-PC 

PIN CRV .062 IN DIA .23 IN tC 511 
rXTRACTOR-PC 

PIN CRV .062'IN-DIA .23-IN LCSTl 



RFSI-ilOR lOK IX 

RF'iinins I0» IX 

REBI* mil lOK IX 

RESii;ina 33 sx . 

REIIKTOR 33 3X . 

RESir.IOR 3-1 5X . 

RFr.IMPR 33 3X . 

RESISTOR 33 SX . 

RFSIS10R 33 5X . 

RESISTOR 33 SX . 



.i:.'3U F TC-0>-IOO 
.123U r IC"0^ 100 
.123U F TC'J* IDO 
2SU FC TC>-400/»SOO 

r-. i rc Tc--40>/«5on 

.-"5u ri: rr- 400/' •soo 

23U ri: TC- «00/^300 

23tt FC Tr»-400/^300 

23U rc TC--400/<30l) 

2511 FC TC--400/«300 



ooono 

2U4S0 
20 480 
r:04SO 
.••0480 

24346 
24346 
24346 

01 121 
01121 

01121 
01121 
01 121 
01121 
01121 



64032-66301 



2048B 


• 160 


-2035 


20480 


0160 


2033 


2040B 


0160 


-2033 


28480 


0160 


-2335 


20480 


• 160 


-2»55 


20480 


0160 


-2335 


20480 


0160 


-2055 


2O4B0 


0160 


-2055 


2O4O0 


01 60 


2053 


28400 


0169 


-2933 


2O480 


0160 


2055 


28480 


0160 


-2035 


20400 


0160 


2053 


20480 


0160 


-2035 


20480 


0160 


-2055 


20400 


n 160 


-2055 


20480 


Olf.O 


-2055 


20480 


0169 


2033 


2O480 


OK.O 


-2033 


2R480 


OI60 


-2053 


28480 


0160 


-2033 


20480 


0160 


-2033 


2O480 


01 60 


2033 


20480 


0160 


-2033 


2n4<)0 


0160 


-2033 


20 480 


0160 


-2035 


204RO 


0160 


2033 


20 480 


0160 


-2035 


20480 


0160 


-2055 


20480 


0160 


■2033 


20 409 


0160 


2C53 


20480 


DlhO 


2333 


20480 


0160 


-2053 


20480 


O160 


-2033 


.••0400 


0160 


2033 


20 400 


HI 60 


-2033 


PRxno 


0160 


2033 


2»j4nt) 


0160 


-2933 


20400 


0160 


2033 


r-04no 


0160 


-2035 


2n4nfl 


0 1 60 


-2033 


2I!4Bn 


0W.3 


2033 


204110 


0160 


2033 


:a48a 


0160 


-2033 


20 4110 


0160 


•2053 


2I.'4B0 


a 1 .■, D 


-2333 


204110 


0160 


2033 


.-0480 


0160 


-2033 


20400 


01 no 


0474 


riMOo 


0180 


-0474 


204nO 


oino 


0474 


28 *no 


0 160 


-2033 


20480 


0160 


-2053 


211480 


oino 


-0474 



64032-83001 
14U0-0II6 
640 12-83392 
14O0 0116 

r4- 1/0 10-1002 F 
C4 1/8 10 1002 r 
C4 l/B TO-1002 F 
C8330S 
Ct330S 

cnsjos 

CB3303 
CB3305 
CD339S 
CB3303 
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Table 6-2. Replaceable Parts List (Cont'd) 



Reference 
Designation 


HP Part 
Number 


C 
D 


Qtv 


Description 


Mfr 

Code 


Mfr Part Number 


mi 


•AS3-330S 






■[R1STIW 33 5X .:5U fC JC— 400/*3«ll 




a 11 21 


CD330S 


■ 12 


t<^-33>S 


2 




RESISTOR 33 SX .23U TV. 11^— 400/>30O 




• 1 121 


CBS 3(5 


■ 13 


i7»7~»44? 


9 




■tSISTIM I^K IX .t25U r IC-H IO^ 




74546 


l:4 \/n TO-1007 F 


>t« 


•737-044J 


9 




RESisrm !•« IX .i23y r tc-^>-io^ 




74546 


C4 -1/8-TO- 1007 F 


»15 


•7S7-«442 


9 




RESISTOR IRK IX .12511 F TC"0* !•• 




74546 


C4 1/8 TO-1002 F 


DIA 


lbSI-33SS 


2 




RESISTOR 33 SX .2SU FC Tr«-4R^/*50fl 




• 1 171 


CB3305 


■ 17 


•/^7-»44Z 






RESISTOR 1QN IX .17511 T TC*0* !•• 








■ IB 


•737-t442 


9 




RFSISTOR 10> tX .I25U F TC'^> 100 




24546 


C4 1/8-TO 1007-F 


»1» 


•737 044? 


9 




RF.SIETO* lOK IX .I25y F 1C-0>'IOO 




74546 


C4 1/8-TO-IOO:- F 


■ 2t 


•737- 6442 


9 




RESISTOR 1*V IX .12511 F Tr.*^* -l^O 




.'*4546 


C4 1/8 -10 1007 F 


■21 


• <.03 :»3»5 


2 




RESISTOR 33 5X .751* fC TC«-400/»550 




01121 


1 n3305 


■?2 


•683- 3303 


2 




RESISTOR 3.1 SX .25U FC Tr.* -400/*30l! 




01121 


CB3305 


■23 


•683-33113 


2 




•fSIBTOR 33 5X . 25U FC TC"-4«»/«500 




01121 


Cl>j333 


IPl 


•361-0533 


1 


6 


TFRHINM TfSI POINT PCD 




• 0000 


ORDFP BY 0(!irBIPIION 


^^^ 


•360-0533 


Q 




ILBHIHAL TI!»T POINT PCS 




30000 


flROFB BY Crr.rRIPTION 


TPS 


0 360-0553 


« 




TERMING TEST POINT PCR 




oooon 


OPDfR BY m SFBIPT ION 


1P4 


0360-0333 






TfRNIHAC TEST POINT PCH 






flR 1>I R BY OF Til R I P T 1 ON 


IPS 


•360- •533 


\ 




TERXINM TEST POINT PCK 




ooooo 


ORDER BY DESCRIPTION 


1P4 


•36^-053S 


0 




IIRHINAI. 1E1T POINT PTIt 




31(130 


ORDFR BY Ctr.r.RIPTION 


Ul 


lflia-l3V6 


5 


16 


IC -HFNOfl t 




00031 


Ur4l6C ItSEl FCIFO) 


u? 


1818-1396 


5 




I Cni nOR t 






ltP4l6C 2(f>TlFCTD) 


U3 


I81I-13V6 


5 




ir HfnnRT 




001.11 


iiP4i6r 2(GEircTro> 




1818-1376 


5 




IC nFMIR* 






iiP4itc 2<r.riccu D) 


U3 


1818-1396 


5 




IC-MF rtORY 




0003 J 


Iir416r 2tSFl EPTFD) 


Ub 


1 81 n- 1 3V6 


5 




1 C fW NOR y 




0003J 


i)p 11 6C 2<r.i 1 ecu D) 


U7 


IBl •- 1 396 


3 




IC- nf NORY 




OOO.ll 


iir4i6r -7isrifrTfD) 


m 


1818-1376 


5 




IC-nFnoRf 




3O03J 


tiP4w.r 2(r>r i rcii d> 


U17 


mil 1376 


3 




IC-nEIVMt 




OOO.VT 


Iir4i6i' 2(sri Fciro) 


UlS 


1818-1376 


3 




IC NFMORy 




03031 


llP41.sC 2tsri ECU D) 


Ul» 


inia-1396 


3 




ic-nenoRY 




O0I3J 


i)P4i6r: 7(firi FcrcDi 


U2i 


181 8—1376 


5 




IC- hF. NORY 




t)no3J 


1JP41/.C 2(SrLECirD> 


U21 


ini«-1396 


5 




IC-NEimRY 




0003J 


ijr4i6C ■2(KfiFrirn> 


11?? 


1818-1396 


5 




ic-nf nORY 




0003J 


11P416C 2l'-.I 1 f CUD) 




lBia-1396 


3 




ir-Nf HORY 




• •0.3.1 


ljl'416r 2ISri EC1ED) 


U24 


181 8- 1396 


3 




IC- hF MOR r 




0013.1 


ijr4i6C 2i'iri ECU D> 




1 B20- I?B I 


6 


1 


in CATC TIL IS AND QUAD 2'INP 




01295 


SN74LB0HN 




inPO- 0693 


R 


3 


IC FF ML 1 0 lYrC POB roi-F IRIC 




01P93 


'■.h7»S74N 


U33 


11120-1 199 


1 




IC INW TIL IS HEX l-INT 




• 1795 


SH74I S0 4N 


Il3ft 


1O20 -1 197 


9 


2 


It CAIF 111 1.*; NAHD QUAD 7 IMP 




01295 


r>N74LSO0N 




1020-2076 


3 


1 


IC HISC TIL S 




34649 


r<3?47 


U38 


1870 2024 


3 


7 


IC ORUR Til IB I INF DRVR nCll. 




01295 


RN74L(i744H 


U3» 


1820-0907 


7 


1 


IC CATC TIL NAND TPL 3-INP 




0 1 7'75 


SN74 12N 


U4( 


tB2>-2074 


3 




IC ORVR 111 l,S LINC OflVB OCll 




Oil'; 5 


r.N7«l 5744N 


041 


1 020-1433 


6 


1 


IC SMF-RCTH Til LS 0 -S SFBIAl-IN FBI 


- out 


01793 


SN74I S164N 










IC IF IIL 5 D-1YrC PnS EW.F IU1C 






SN74S74N 


U43 


1B20-1199 


1 




IC INU tIL LS HEX 1-INP 




01793 


CM741 S04N 


1144 


1820-1197 


9 




IC r.Air 111 LS HAND OUAS 2-INP 




01?95 


SN74LS09N 


U4S 


1B20-1204 


9 


7 


IC CATC TIL LS HAND PUAt 4 IMP 




01795 


SN741 S20N 


U4& 


Ie2^-I2t4 


9 




IC CATC 111 IS NAHD DUAL 4- INP 




01295 


nK74lS70H 






3 


1 


IC CATC IIL IS OR QtMD 2-INP 




01793 


r.N74l 3.37H 


U4a 


1 870' t673 


8 




IC FF IIL S D lYPE POS FDUC 1RIC 




01295 


r.N74S74N 


U4t 


1020-1430 


] 


? 


IC CNTR TTL is *IH SYNCHRO POS CDCF 


TRIG 


0 1 775 


SN74L516IAN 


U3I 


in70-1430 


3 




TC CMTR TTL IS DIH SYNCHRO POS-FD<>E 


1HIC 


01793 


Bh74l S161AN 


XUI 


1200-0607 


• 


16 


SOCXET-IC 16-CONT DIP DIP- SLDR 




7n4B0 


170C 0607 










50CXFT-IC 16 CONT DIP DIP-SLDR 




284B0 


170 3-0607 


XU3 


1200- 0607 


1 




SOCXET-IC 16-CnNT DIP DlP Si-DR 




78480 


1700 06C7 


XU4 


t20^-0607 


0 




BOC«tT-TC 16-r.PHT DIP DI7-S1.DR 




."018 0 


1213-0607 


XU3 


1700-0607 


• 




SOCXET-IC 16-CONT DIP DIP SLDR 




70400 


1709 0607 


XlUi 


1700-06B7 


• 




SOCXCT-IC 16-COHT DIP DIP Sl.DR 




7n4B0 


1 700-3607 


XU7 


1200-01.17 


> 




SOCXFI-IC 16-COHT DIP DIP-SLDR 




7(1480 


17II0 0607 


XU8 


1200-0607 


0 




COCXET-IC 16 CONT DIP DIP SI.DR 




70480 


1700-0607 


XU17 


12«0-^607 


0 




SOCXEI-IC 16' CONI DIP DIP SLDR 




2C4R0 


1700 0607 


XUIS 


1200-9607 


0 




SOCOFT-IC 16 rONT DIP DIP Sl.OR 




204BO 


1700-0607 


XU1» 


1700-OI.07 


• 




sncxci ii; 16 CONT dip dip-si.dr 




704(10 


1700 -0607 


XU2> 


1200 -•6^7 


0 




Mr«CT-ic 16 cnNT dip dip r-iDR 




7048 0 


1 70 0- 0607 


XIJ2I 


12«0-«fcC7 


• 




SOCXEl-IC 16 CONT DIP DIP SIDR 




704(10 


1700 -0607 


XU2Z 


12ll^- 0607 


0 




SncxtT -IC 16 FONT DIP D1P-EI.DR 




784B0 


1200-0607 


XU23 


1700-0607 


t 




SOCXFI-IC 16-CONT DIP DIP SIDR 




7n4(10 


1200-0607 


XUZ4 


1200- 0607 


0 




SOCxr i-IC 16 FONT DIP DIP SI DR 




70480 


1 700-0607 


XII37 


IP0»-0567 


1 


1 


SDCXCI-ir ?B-CnNT DIP DIP-SLDR 




20 480 


1700 -03(.7 


XU3S 


12>^ 0639 


0 




E0C«fT-1C 20 CPHT DIP DIP SI.DR 




.'?R4B0 


1700-0639 


XU4I 


I2*0-0639 


8 




SncxEI IC 20-CONT DIP DIP SlOR 




70400 


120 •-•639 
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Table 6-3. Manufacturers' Codes 



Mfr 

No. 


Manufacturer Name 


Address 


Zip 
Code 


(•Ml 


AMY EATISTACTORT SUPPLIER 








ftU 


NirpoM CLCcnic co 


TOYKO 


JAPAN 




• 1121 


ALLCM-BRADLEt CO 


HtLUAUKCE 


UI 


53204 


•isrs 


TEXAS INSTR IHC SEniCOHD CIIPNT DIV 


DALLAS 


TX 


732.;2 




CWHtHC CLASS IKMKS (MADTORBl 


•RADFORD 


PA 


t67«l 


284a^ 


HCULETT-PACKARD CO CORPORATE HO 


PALO ALTO 


C* 


»43»4 


3464V 


INTEL CORP 


nouNTAiN uirv 


CA 


93051 




SPRACUC ELECTRIC CO 


NORTH ADAItS 


HA 


• IZ47 



SECTION Vli 
MANUAL CHANGES 



This section norrr.ally contains information for backdating this manual for models with repair numbers prior to the 
one shown on the title page. Because this edition includes the information for the first repair number, there is no 
backdating material. 



7-1/(7-2 blank) 
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SECTION VIII 
SERVICE 



8-1. INTRODUCTION. 

H-2. This swtion contains backjjround information for repairing the Model (> U);t2A Hik Memory Kxpansion Module. 
For convenience, the schematic and other service information is provided on a fold-out service shtH!t. 

8-3. BLOCK DIAGRAM THEORY. 

8-1. Refer to figure 8-1 l^lock Diagram for the relationships between the seven functional blocks of the memory 
module. Kiich of the blocks is described below. 

8-5. IDENTIFY/SLOT SELECT. 

8-(i. At v. ious times the lil'C retjuests the board's ID number. The identify/ slot select circuit returns the IDd'IOl H to 
the liPC ■ a the data bus. 

8-7. RAM STORAGE. 

8-8. The memory is organized into Hik. 1(5 bit words, with each word comprised of an upper and lower 8 bit byte. 
Sixteen dynamically refreshed, 16k by <me bit MOS RAMs are used for the storage. Kach RAM'.s internal addressing is 
arranged as a square matrix of 128 rows by 128 columns, yielding addresses 0 through l(),.'M.'i. 

8-9. ADDRESS MULTIPLEXER. 

8-10. All RAMs are addressed by multiplexing the RAMs' internal row and column address via U:i7. The mode. select 
on the multiplexer chooses between HI'C initiated read/write activities and module initiated refresh re<iuests. 

8-11. TIMING/REFRESH CLOCK. 

8 12. The timing circuit u.ses the 2r> Mil/, signal generated by theDisplay ("ontrollerand Driver board as the input for 
clocking purposes. The circuit produces two timing clocks, a I2.r> MHz module clock, and a !(7.() kHz signal for 
refreshing the memory RAMs. 

8-13. READ/WRITE CONTROL. 

8-l J. This circuit converts HPC read and write signals into the neces.sary RAM internal row and column control 
signals. During write operations the circuit .selects upper, lower, or fnll word access. Ri'ad operations are always by full 
word, with the HI'C performing byte functions after the access. 

8-15. ARBITRATOR/SEQUENCER. 

8-l(>. The arbitrator se(iuencer circuit schedules competing requests for memory operations Ix-tween the lU'C and the 
refresh circuit. When a IWC memory operation occurs, the arbitrator secjuencer locks out refresh re<iuests until the HI'C 
memory operations are completed. In a similar manner, refresh operations cannot be interrupted by a HPC re<iuest for 
a read or write. 

8-17. DATA BUFFERS. 

8 18. During a \WC read, the data buffers are enabled to output the IB bit word onto the Low Data Out lines. 
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Finure 8-1. Block Diagram 



8-19. DETAILED CIRCUIT THEORY. 

8-20. The followiriK pariiKraphs provide a dclailod de.scription of thfciri-uitoporatiim widiin each functional block of 
the memory module. The circuiLs are .shown in figure H-1. .Service .Sh»'et 1 . 

8-21. IDENTIFY SLOT/SELECT CIRCUIT. 

8-22. The board II) code is requested by the HVV. Control signals I.. STH. I,.SS. and I.II) are inverted by U l.iA. U l.il). 
and U4.'}F. The hi>rh outpuUs from U l.tare AND'd in U.i'lA and I !:!!)(' to form output data 1.1)11. and I, I) 10 on the 1,1)11- 
15 data bu.s. The HI'C reads and stores the II) (OlOllI) and slot number for future operations. 

8-23. RAM STORAGE CIRCUIT. 

8-24. The RAMs (U1-U8, Ul 7-LI2-1) circuit provides three major ofH>rations; read, write, and refresh. Durinn a read 
operation, the RAM internal row addres.ses HRAO-HRAfi are latche<I into the chip by I.RASl and the internal column 
addre; ses HCA0-HCA6 are latched by LCASI. Data is made available on pin 11 of the RAMs for access by the data 
buffers circuit. 

8-25. In a write memory cycle, internal RAM row and column addresses are strobed into the RAMs as in the read 
cycle. Data (LD()-15) is written into the RAMs in the selected cell by active sifinal I.WRTL and LWRTU. 
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8-26. Refresh of the RAMs circuit is accomplished by performinR a memory cycle at each of the 128 row addresses 
within a 2 millisecond time interval. Theabitrator/sejiuencer circuit allows the address multiplexer to enable HRAO- 
HRA6. and LRASI to latch the address into the RAMs. The address multiplexer has an internal 7-bit counter capable 
of reading (i.e. refreshing) all 128 row addresses. 

8-27. ADDRESS MULTIPLEXER CIRCUIT. 

8-28. The address multiplexer, U.'l7, provides internal RAM row and column address multiplexing and address 
indexing for refresh. The address multiplexer receives LAO-lJ\l.'i from the CPU and multiplexes it to seven inverted 
output pins. When chip controls Ml and M-l are active, internal RAM row addresses are output. When controls M2 and 
M-1 are active, the internal RAM column addresses are output to the RAMs. 

8-29. During a refresh cycle, control signal RKFRP^SM is activated and combined with the 97.6 kHz clocking signal on 
U."}7 pin 1. The multiplexer increments the address and refreshes one memory location. At the97.6 kHz frequency rate, 
the entire memory is refreshwl in 128 cycles within the requirwl 2 millisecond period. 

8-30. REFRESH CLOCK CIRCUIT. 

8-:il. The refresh clock circuit is initialized by LPOI'. Clocking signal l,2r> MHz is input to IM8A producing an output 
clock used by UI9, 1150 and the arbitrator sequencer circuit. The output of IM8A is 12.5 MHz and is divided by llfiOand 
LM9. The 97.6 kHz output from U-19, pin 12. docks the refresh counter in U.'{7 (address multiplexer circuit) and enables 
the arbritrator sequencer to start a refresh cycle at the completion on a 1?I'(' memory cycle. 

8-32. READ/WRITE CONTROL CIRCUIT. 

8-;{.'{. The read/ write control circuit produces control signals for column address, write for upper or lower byte, and 
buffer enable, respectively Control signal I.MAIM is sent to IJ-I7A. When HBl'C' and a clocking signal from the 
arbitrator/se(iuencer circuit are .sent to LIMI). a low is output on pin 1 1 of IM'Il). This low output is combined with 
LM API in U I7A producing I.CASI Control signal I.C^A.SI enables the column addre.ss from the address multiplexer 
circuit into the RAMs. 

8-.M. The CPU sends control .signals I .HYTK. LUPIiand LWKTto U l.iH. U l.iC, and U l.tK in the read write control 
circuit to select either a byte or word operation. When HBPC and the 97.6k clocking signal are active, the following 
functions can also occur. 

h-.'vi. When LUPH i.s active. I.WKTl; is output from U-jr)H. Signal l.HYTK must be active to provide a byte operation. 
When I, HYTK is inactive, l.WRTU and I.WRTL produce a word operation. When I.UPH is inactive lMr)A output.s 
LWRTI, When LWRT is inactive and the CPU enables 1,STH; U J6A is enabletl and outputs signal l.HUKKN. When 
I.HIJFKN is active, data is enabled through the data buffers circuit to the CPU on the data bus. 

8-36. ARBITRATOR/SEQUENCER CIRCUIT. 

H-.iT. The arbitrator sequencer circuit produces timing, refresh. RPC read or write, and sync control signals. The 
arbitrator/sequencer is resp(msible for c<mtrol of refresh or BPC memory operati<m. The control signals cause 
multiplexing of the address lines and .send LMSYN to the BPC. Signal LMSYN forces the BPC to wait until the read or 
write operation is complete. The arbitrator sequencer is also responsible for the timing of control signals to the RAMs 
and Data Buffers. 

HIt.H. When the correct address, data and read write control signals are present, the BPC requests access to the RAMs 
by sending IXPM and USS via U.i.">. U2.''), and U 1 1. Phis request is latched into U26A producing HBPCPF.ND. I.MSYN 
iH'comes active via I'WB. telling the BPC to wait until the memory cycle is complete. 

8-.J9. Any refresh cycle in progress is allowed to complete. HMKMOP goes low signifying the completion of the 
current memory cycle. LBPCPP2N is clocked into U-12A making HMKMOP true again beginning another inemtiry 
cycle which allows the Bl'C to read or write The transition of HMKMOP from low to high latches HBPCPKN into 
U12B producing signal HBPC. Signal HBPt' in conjunction with a timing signal from U Il enables the read .vrite 
control circuit and clears HBF'CPKND, thus removing LMSYN. This sequence allows the BPC to complete its 
operation. 



8-3 



8-40. The dynamic RAMs used have only 7 address lines. In order to access the 1 6k locations in each RAM, 14 address 
bits are needed. The 14 signals are provided by loading the row address (LAO-6) by means of the row address strobe 
(LRAS) and the column address (LA 7-13) by means of a column address strobe (LCAS). When HMEMOP becomes true, 
shift register U41 begins shifting ones to produce control signals that sequence the row and column address strobes 
and row and column address. After the memory cycle is complete, HMEMOP is cleared via U36B, U36C, U48B and 
U42A. HMEMOP is cleared when set and reset on U42A are both low. 

8^1. DATA BUFFERS CIRCUIT. 

8-42. Data from the RAMs circuit is enabled to the data bus (LD0-I5), through the data buffers circuit, by means of 
signal LBUFEN (Low Buffer Enable). 

8-43. CONVENTIONS. 

8-44. The following conventions are used in this manual. 

a. Components are numbered in upper left to lower right convention. 

b. Logic symbology; see table 8-2. 

c. TTL Logic levels. 

Electrical Level Voltage 

Input Low < 0.8 V 

Input High > 2.0 V 

Output Low < 0.4 V 

Output High > 2.4 V 

d. Mnemonics (signal names); see table 8-1. 

First Letter Active TTL Level 

H High 
L Low 

e. Signature analysis locations are indicated in red on the schematic. 

f. Abbreviations; see Section VI. 
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Table 8-1. Mnemonics 



Mnemonic 


Mnemonic Meaning 


Active 
Level 


Function 


HBPC 


BPC 


High 


When active, enables the read/write control circuit. 


HBPCPEND 


BPC Pending 


High 


When active, produces signal I^SYN forcing the micro- 
processor to wait until a read or write operation is complete. 


HMEMOP 


Memory 
Operation 


High 


When active, memory read, write, or Operation refresh is in 
progress. 


HRA^e/ 
HCA7-16 


Row Address 
0-6/Column 
Address 7-13 


Hich 


TIlA rnw nHnrPKH nnH r'nltimn nHrlrpHR nrf> ntAfH'it*i\ Kv I tn 

1 iic tun auuicoo miu ciuul coo die DdCl. MJU uy KJ \3 1 XiKI 

address RAM memory. 


HREFRESH 




Hit;h 


\VH<'ii nptivp prmHlpR rfifVf>HH ^iroiiitrv 

Tf Ca^bCVCT, CIJCIL/ICO Idlt^nll t^ll III • 


LAO-13 


Address Bits 
u-io 


I-OW 


A 14 bit address bus used to address RAM space. 


LBPCPEND 


BPC 


I^w 


When active, enables the refresh circuitry. 


LBUFEN 


Buffer Enable 


Low 


When active, enables buffers U.'W and U-IO. Buffers enable 
data from the RAMs to the CPU. Only active during a read 
cycle. 


LBYTE 


Byte 


Low 


When low, indicates that a memory cycle is to involve an 
eight bit byte, rather than the full 16 bits of the word. 


LCASl 


Column Address 
Strobe One 


Low 


When active, strobes the column address into RAM. 


LDO-15 


Data Bits 
0-15 


IjOw 


A 16 bit bidirectional bus used to transfer data to and from 
the microprocessor. When li^TM is low, data is present on 
the bus. 


LDO. LDIO 


Data BiU 
0 and 10 


Ixjw 


LDO and LD 1 0 are used to generate card 1 1 ) code after being 

>CL|UCDIiC^U ujr kilt; \^ I \J m 


LID 


Identify 
Enable 


Low 


When active, enables all PC boards in slots 0 thru 9(option 
slots) to generate card-type II) codes after interrogation by 
the slot select command (I>SSKL). 


LMAPl 


Address 
Map 1 


lyOW 


When active, enables bank one of RAM. 


LRAS2 


Row Address 
Strobe Two 


Low 


Not used. 


LMSYN 


Memory Sync 


Low 


When active, forces the microprocessor to wait until the 
read or write operation is complete. 


LPOP 


Power On 
Pulse 


Low 


Initializes CPU and all option cards. 
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Table 8-2. Mnemonics (Cont'd) 



Mnemonic 


Mnemonic Meaning 


Active 
Level 


Function 


LRASl 


Row Address 
Strobe One 


Low 


When active, strobes the row address into bank one of 
RAM. Also used during refresh. 


LRAS2 


Row Address 
Strobe Two 


Low 


When active, strobes the row address into bank two of 
RAM. Also used during refresh. 


LREFPEND 
LSS 


Refresh 
PendinK 
Slot Select 


Low 

lyOW 


When active, enables the retresh circuitry. 

When active, allows module to place ID on CPU data bus. 


LSTB 


Strobe 


Low 


When active, and in the write mode, indicates the data bus 
has valid information. When active in the read mode, 
indicates the microprocessor is not driving the bus and the 
device addressed can now drive the bus. 


LSTM 


Start Memory 


how 


Used to initiate a memory cycle. When active, indicates 
information on the Address Bus is valid. 


LUPB 


Upper Byte 


Low 


When active, indicates the upper byte is being written 
into, or read from. Used only when LBYTE is active. 


LWRT 


Write 


Low 


When active, the microprocessor writes to the addressed 
device. 


LWRTL 


Write Ijower 


Low 


When active, the lower byte of RAM is written into. 


LWRTU 


Write Upper 


IjOw 


When active, the upper byte of RAM is written into. 


L25MHZ 


25 MHz 


Ix)W 


25 MHz clock used for general clocking. Generated by the 
display board. 
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Table 8-2. Logic Symbols 



GENERAL 

All signals flow from left to right, relative to the symbol's orientation with inputs on the left side of the symbol, and 
outputs on the right side of the symbol (the symbol may be reversed if the dependency notation is a single term.) 

All dependency notation is read from left to right (relative to the symbol's orientation). 

An external state is the state of an input or output outside the logic symbol. 

An internal state is the state of an input or output inside the logic symbol. All internal states are True = High. 
SYMBOL CONSTRUCTION 

Some symbols consist of an outline or combination of outlines together with one or more qualifying symbols, and the 
representation of input and output lines. 

INPUTS ^ 




OUTPUTS 



Some have a common Control Block with an array o( elements: 
CHIP 

FUNCTION 



ARRAY 
ELEMENTS 



INPUTS 



7D 


[11 


7D 


(i) 


7D 


(31 



CONTROL 
BLOCK 




DEPENDENCY 
NOTATION 

LEAST 

SIGNIFICANT 
ELEMENT 



OUTPUTS 



MOST 

SIGNIFICANT 
ELEMENT 



CONTROL BLOCK - All inputs and dependency notation affect the array elements directly Common outputs are 
located in the control block. (Control blocks may be at>ove or below the array elements.) 

ARRAY ELEMENTS -All array elements are controlled by the control block as a function of the dependency notation. 
Any array element is independent of all other array elements. Unless indicated, the least significant element is always 
closest to the control block. The array elements are arranged by binary weight The weights are indicated by powers 
of 2 (shown in [ ]). 

LS-09-81 - 1 
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Table 8-2. Logic Symbols (Cont'd) 



INPUTS - Inputs are located on the left side of the symbol and are affected by their dependency notation. 

Common control inputs are located in the control block and control the inputs/outputs to the array elements 
according to the dependency notation. 

Inputs to the array elements are located with the corresponding array element with the least significant element 
closest to the control block. 

OUTPUTS - Outputs are located on the right side of the symbol and are effected by their dependency notation 
Common control outputs are located in the control block. 

Outputs of array elements are located in the corresponding array element with the least significant bit closest to 
the control block. 

CHIP FUNCTION - The labels for chip functions are defined, i.e.. CTR - counter, MUX - multiplexer. 
DEPENDENCY NOTATION 

Dependency notation is always read from left to right relative to the symbol's orientation. 

Dependency notation indicates the relationship between inputs, outputs, or inputs and outputs. Signals having a 
common relationship will have a common number, i e.. C7 and 7D....C7 controls D. Dependency notation 
2,3.5,6+/1,C7 is read as when 2 and 3 and 5 and 6 are true, the input will cause the counter to increment by one 
count. ...or (/) the input (C7> will control the loading of the input value (7D) into the D flip-flops. 

The following types of dependencies are defined: 



a. AND (G), OR (V). and Negate (N) denote Boolean relationship between inputs and outputs in any 
combination. 

b. Interconnection (Z) indicates connections inside the symbol. 

c. Control (C) identifies a timing input or a clock input of a sequential element and indicates which inputs are 
controlled by it 

d. Set (S) and Reset (R) specify the internal logic states (outputs) of an RS bistable element when the R or S 
input stands at its internal 1 state. 

e. Enable (EN) identifies an enable input and indicates which inputs and outputs are controlled by it (which 
outputs can be in their high impedance state). 

I. Mode(M) identifies an input that selects the mode of operation of an element and indicates the inputs and 
outputs depending on that mode 

g. Address (A) identifies the address inputs. 

h. Transmission (X) identifies bi-directional inputs and outputs that are connected together when the 
transmission input is true. 



DEPENDENCY NOTATION SYMBOLS 



A Address (selects inputs/outputs) (indicates binary range) 

C Control (permits action) 

EN Enable (permits action) 

G AND (permits action) 

M Mode (selects action) 



N Negate (compliments state) 

R Reset Input 

S Set Input 

V OR (permits action) 

Z Interconnection 

X Transmission 
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Table 8-2. Logic Symbols (Cont'd) 



OTHER SYMBOLS 





Anaiog Signal 


Inversion 


— 


Shift Right (or up) 


& 


AND 


O 


Negation 


/ 


Solidus (allows an input or output to have 
more than one function) 


} { 


Bit Grouping 




Nonlogic Input/Output 


V 


Tri-State 


\> 


Buffer 




Open Circuit (NPN) (external resistor) 


» 


Causes notation and symbols to effect 


1 


Compare 




Open Circuit (PNP) (external resistor) 




inputs/outputs in an AND relationship, and to 
occur in the order read from left to right. 


> 


Dynamic 


>1 


OR 


( ) 


Used tor factoring terms using algebraic 


=1 


Exclusive OR 




Passive Pull Down (internal resistor) 


techniques. 


T. 


Hysteresis 




Passive Pull Up-<internal resistor) 


I ] 


Information not defined 


? 


Interrogation 




Postponed 


<l> 


Logic symtKJl not defined due to complexity. 




Internal Connection 




Shift Left (or down) 







LABELS 



BG Borrow Generate 

Bl Borrow Input 

BO Borrow Output 

BP Borrow Propagate 

CG Carry Generate 

CI Carry Input 



CO Carry Output 

CP Carry Propagate 

CT Content 

D Data Input 

E Extension (input or output) 

F Function 



J 
K 

P 
T 
+ 



J Input 
K Input 
Operand 
Transition 
Count Up 
Count Down 



H/IATH FUNCTIONS 



V 

ALU 

COMP 

DIV 



Adder 

Arithmetic Logic Unit 
Compaiator 
Divide By 
Equal To 



> Greater Than 

< Less Than 

CPG Look Ahead Carry Generator 

TT Multiplier 

P-0 Sublraclor 



BCD Binary Coded Decimal 

BIN Binary 

BUF Buffer 

CTR Counter 

DEC Decimal 



CHIP FUNCTIONS 



DIR 

DMUX 

FF 

MUX 

OCT 



Directional 

Demultiplexer 

Fhp-Flop 

Multiplexer 

Octal 



RAM Random Access Memory 

RCVR Line Receiver 

ROM Read Only Memory 

SEG Segment 

SRG Shilt Register 



DELAY and MULTIVIBRATORS 

JTJT Astable 

j iQQ nsj Delay 

in Nonretriggerable Monostable 

NV Nonvolatile 

J 1_ Retriggerable Monostable 
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OVA * >W<^ 



9 

I 

© 3 

© 



ETCHED CIRCUIT BOARD 



FRONT PANEL MARKING 



REAR PANEL MARKING 



MANUAL CONTROL 



SCREWDRIVER ADJUSTMENT 



ELECTRICAL TEST POINT 
TP (WITH NUMBER! 



NUMBERED WAVEFORM 
NUMBER CORRESPONDS TO 
ELECTRICAL TEST POINT NO 

LETTERED TEST POINT 
NO MEASUREMENT AID 
PROVIDED 



(925) 



;JP 
P O 
NC 
CW 



WIRE COLORS ARE GIVEN 
BY NUMBERS IN PARENTHESES 
USING THE RESISTOR COLOR 
CODE 

I 19251 IS WHT RED GRN | 
0 BLACK 5 GREEN 



1 BROWN 

2 RED 

3 ORANGE 

4 YELLOW 



6 BLUE 

7 VIOLET 

8 GRAY 

9 WHITE 



OPTIMUM VALUE SELECTED 
AT FACTORY. TYPICAL 
VALUE SHOWN. PART MAY 
HAVE BEEN OMITTED 



UNI ESS OTHERWISE INDICATED 
RESISTANCE IN OHMS 
CAPACITANCE IN PICOFARADS 
INDUCTANCE IN MICROHENRIES 



MICROPROCESSOR 

PART OF 

NO CONNECTION 

CLOCKWISE END OF VARIABLE 

RESISTOR 



COMMON CONNECTIONS Al 1 1 IKE DESK.NATED POINTS ARC CONNECTED 



NUMBER ON WHITE BACKGROUND OFF-PAGE CONNECTION 

LARGE UMBER ADJACENT SERVICE SHEET NUMBER FOR OFF-PAGE CONNECTION 



CIHCLtD I F TTER OFF PACE CONNECTION BETWEEN PAC.FSOF SAME SI HVICi 
SHEET 



INlJICATES SINGLE SIGNAI LINE 



NUMBEff OF LINES ON A BUS 



.; ))))} 
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Model MUaZA 



Service 



16K nenORY expansion module (fi403Z-66501) 




nUK/CMTR 

Div we 



ADDRESS 
MULTIPLEXER 



I 



SS 4 



(2 4 



(1 



"1 



10 DEI) 



1+ C5 
U37 



1 .•' 




4 V 








!01 


3 


5 V 






4 V 


(11 


3 


5 V 


1.4 

2.4 




AV 


(2) 


3 


5 V 


1.4 
2.4 




4 V 


131 


3 


5 V 


1.4 
2.4 




4'7 


(41 


3 


,5 V 


1.4 
2.4 




4 V 


(51 


3 


5V 


I .4 
2.4 




4 V 






HEHORY 

UPPER BYTE 
tSEE NOTE 1) 



'■QfllS 



LWBT 



LSIB I*' 9 



I 



TPS 
LSIB 



U43 V^ * 



A.^i>>c^_^ 



HBPC 



\^ 3 AO J3 LCASl 
U4 7A P^^' -W, 



J47B I 



R21 
33 

-vw— NC 



13 I 

_:zn^4SB)- 



8 * 



R23 

" (.WBTl 



R22 

.3? LWRTU 



R4 

300 



IS 



US 


UZl 


UG 


U22 


U7 


1)23 


US 


U24 


LDB 


LOS 


LOtO 


LOll 


L012 


L013 


L014 


LOIS 


Ul 


U17 


U2 


uia 


U3 


U19 


U4 


U20 


LDO 


LDl 


LD2 


LD3 


t.D4 


LD5 




LD7 



LOWER BYTE 
ISEE NOTE 1) 



IS 



ft. 



RS 
300 



A A 



IDENTJFY/SLOT SELECT 

a ^ LDO 



* LRAS 




12 A LDIO 



LSTtI 




12 S MHz clock 



U49 P12 



U26 P8 



U36 Pll 



U42 PS 



U42 P8 



U41 P3 



U41 p.! 



U41 PS see note 1 



U41 P13 



U48P8 



Service 



M«)del fi J().12A 



REFRESH MEMORY OPERATION 



LfiJiJiJiJiJiJirLrirLrun 



High Start Refresh cycle Irom U48 (HIGH FOR 5.12usl 
Low Refresh latch 



High Set Memory OP latch 



high Memory OP 



d High Refresh (stays high until reset by a BPC memory ooeralion) 



HRAS 



H Column Enable 



HCAS 



12 S UHi clock 



LS 



LSTM 



U26 P5 



U42 P5 



U42 P9 



1)41 P3 



1)4 1 P4 



U4t Pb 



U41 P13 



BCP MEMORY OPERATION 



Low Set Mem OP 



High Mem OP 



2 High BPC (Stays high until a refresh occursi 



HRAS 



H Column EnahU* 



HCAS 



r 



Note 1 HCAS has no function during refresh It was included to show the sequence 



U48 P8 



